
YH. 0. XASSEE ON THE 

On the Origin of the Basidiomycetes. 
By GEOBC~E MASSEE, F.L.S. 

[Read 18th January, 1900.1 

(PLATES 15 & 16.) 

THE recent extensive researches by Brefeld (1) have thrown 
much light on the morphology and affinities of the group of 
fungi known as the Basidiomycetes, and even those who cannot 
accept his interpretation as to affinities in its entirety, are 
doubtless ready to admit that, due in a large measure to his 
investigations and deductions therefrom, we possess at  the 
present day a clearer and truer conception of the general 
development or evolution of the group of fungi under con- 
sideration than heretofore. 

As i a  well known, the gradual differentiation of the speaialized 
portions of hyphs or basidia immediately bearing conidia, are 
considered by Brefeld as constituting the one essential factor 
in indicating true affinity and descent in the Basidiomycetes. 
Hence in the Protobasidiomycetes, characterized by having 
basidia divided into two to four superposed cells by transverse 
septa, each cell producing a conidium, Brefeld sees a counter- 
part in the promycelium or the fertile hyphs produced directly 
on spore germination in the Ustilagines, and inclines to the view 
that the Protobasidiomycetes may be derived from the Usti- 
laginea through the Uredines, Auricularis, and Pilacreae, when 
the transversely septate basidium is replaced by a vertically 
divided basidium i u  Tremelles and Dacryomycets j a transition 
group, leading to the Autobasidiomycetes, including the Gastro- 
mycets, Phalloideae, and Hymenomycets, characterized by 
basidia consisting of a single cell-neither transversely nor 
vertically septate-and bearing the spores at  or near the apex, 
and usually definite in number. 

The existence of ueptate basidia, however, is not an entirely 
recent discovery ; those of Pilacre Petersii, Berk. & Broome, 
and Hypochnus purpweus, Tul., having been correctly described 
and beautifully figured by Tulasne (2) twenty-seven years ago. 
In fact t1.e basidia of the last-named species were first described 
by Tulasne (3) thirty-four years ago, the description being 
followed by the paragraph quoted below-the first time we 



ORIGIN OF THE BASIDIOMYCETES. 439 

believe since its publication-the substance of which is con- 
gidered by most mycologists as being a much later conception. 
‘‘ Palmam, qui meruit, ferat.” 

Tulasne says :-“ On sera certainement frapp6 comme nous 
de la ressemblance singuliere qu’offrent lea crosses fertiles de 
1’Hypoehnus purpureus avec le promycekum des Puccinies et  
autrea UrediuBes, c’est k dire avec ces germes d’abord clavi- 
formes, puis circinants et spicnlifdres, dont nous avons autrefois 
donne deu figures dans ce Recueil (sBr. 4e, t. ii. pls. 7-12). La 
similitude n’est m6me pas moindre pour les corps rBproducteurs, 
spores ou sporidies, et nous trouvons certainement i A  un example 
des analogies qui peuvent relier deux membres, d’ailleurs trds- 
dissemb;ables, d’une mhme famille vCg6tale ” (3. 296). 

Quite recently Juel, a Swedish botanist, has demonstrated that 
the somewhat wide1.y diffused, and not by any means uncom- 
mon fuiigus called Stilbum vulgare, Tode, the type of the large 
genus Stilbum, Tode, located in the Hyphomycetes, is indeed a 
typical Protobasidiomycete, having the chtlracteristic transversely 
septate basidia, each segment of the basidium producing a single 
basidiospore (4). 

The segmentation of the basidium is preceded by nuclear 
division, each segment containing &a single nucleus which again 
divides, one nucleus pissing into the spore, the other remaining 
in the basidium (PI. 15. figs. 2-6). 

Juel examined other species belonging to Stilbum, and found 
that they did not present the Protobasidiomycete features 
forind in S. vulgare ; and suggests that the generic name Stilbum 
should be retained for those members proved to belong to the 
Protobasidiornycetes, a’nd that another genus should be estab- 
lished for those members of the old genus which, on accouut of 
their structure, have yet to be considered as belonging to the 
Hy phom y cetes. 

The genus Stilbum, as originally understood, contains about 
seventy species ; all are minute, and the general structure map be 
compared to that of a sheaf of corn. The hyphs are arranged 
in a parallel fascicle, the free tips bearing the conidia spreading 
on all sides, and forming a more or less globose fertile head, 
terminating an elongated slender stem, the whole resembling a 
drumstick in miniature. Every part is compact and firm, the 
.component hyphs being to some extent cemented together by 
mucilage. 

2 It2 
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Sbercularia, Tode, another genus included in the Hypho- 
mycetes, is morphologically indistinguishable in all essential 
features from Stilbum, but separated by systematists on account 
of the shorter stem, the subglobose head being nearly, or in inany 
species quite, sessile on the matrix, as in  the well-know11 l'uber- 
cularia vulgaris, Tode, which forms coral-red pustules on 
decaying or dead branches. 

Tubercularia includes about seventy species, several of which 
are the conidial condition of ascigerous fungi belouging to the 
genus Nectria. 

About thirty members of the long-stemmed or Stilbum-forms 
are also known to represent the conidial condition of species of 
Nectria or Spharostilbe, the name given by Tulasne to those 
species of the old genus Nectria having 1-septate spores and B 

Stilbunt as the conidial form of reproduction (5). 
In  many instances the genetic relation between a conidial 

condition and its higher form of fruit is not distinctly proved ; 
the researches of Tulasne (6), Hartig (7), and others, however, 
leave no doubt as to the relationship between Stilbum or 
T~bercularia and species of Nectria. 

A 
compact parenchymatous base or stroma forms in the substance 
of the matrix, and eventually projects above its surface as a 
cushion-like body ; from the superficial cells of this stroma the 
fertile hyphs-conidiophores or basidia-of the Tubercularia or 
Stilbum originate. At a later date the primordia of the ascigerous 
or Nectria-form of reproduction appear in the peripheral portion 
of the stroma ; these gradually~develop into the characteristic red 
perithecia which stud the surface of the stroma in Nectria 
proper, the conidial phase being obliterated by the later develop- 
ment of the perithecia ; whereas in Sphmrostilbe the long- 
stemmed Stilbunz-condition and the ascigerous perithecia are 
both present at  the same time (Pl. 15. fig. 7). 

A second, and even third conidial form of reproduction, also 
produced by the stroma, is present in some species of Nectria, 
but appear to have no bearing on the subject under con- 
sideration. 

In addition to those form-epecies of Tubercularia and Stilbuna 
known for certainty to represent the conidial condition of species 
of Nectria or Spharostilbe, many species belonging to each of these 
genera exist that have not up to the present been correlated 

The general structure is alike in all known instances. 
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with auy higher form of fruit, and in many instances it would 
appear that such must be considered as entities or species ; the 
facts in favour of such an argument being the power to repro- 
duce themselves apparently indefinitely, and the absence of 
proof as to the existence of any other phase of reproduction in 
their life-cycle. 

Assuming this statement to prove correct, it suggests the 
following problem :- 

How long must a conidial form continue t o  reproduce itself 
after the disappearance of its higher phase i u  the cycle of 
development, before it can be coilsidered as a species in the 
ordinary acceptance of that term ? 

If taken to task as to the evidence of a second phase having 
existed at any previous period in the life-history of such 
organisms, it may be stated that presumable evidence is forth- 
coming, not only in the genera Stilbzcm and Tuberczclaria, but in 
numerous other instances where a conidial or simple phatle bas, 
from analogy, lost for all time the higher stage of’ fruit it  once 
poasessed. 

The evidence obtainable in the genera under consideration 
consists in the presence, in several iustances, of a more or less 
well-developed stroma, which, however, only produces conidia, 
whereas, following the sequence of gradual disappearance of the 
stroma, we come to species where this primordial structure has 
entirely disappeared. 

In the form-genus Bofrytis, we have a similar decadence of the 
Stroma or sclerotium, which in some species produces the asci- 
gerous condition only, in others the ascigerous or conidial 
condition, depending on external conditions, in others again 
giving origin to  conidia only; whereas in a host of other species 
the stroma is quite rudimentary or entirely absent, the conidial 
condition alone remaining. 

It is in the Uredineb, however, that we encounter the cleareat 
evidence of the gradual disappearance of one or other of the 
forms originally included in the life-cycle of the various species. 

After the announcement of Juel’s discovery, I examined nume- 
SOUS species of Xtilbzcm and Tcbercularia, for the purpose of 
ascertaining whether some other members might not prove on 
careful examination also to belong to the Protobasidiomycetes. . 

Among those examined mas the Stilbum-condition of Spharo- 
stilbe microspora, Cooke & Massee ; aud here I was much surprised 
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to find that the structure of the fertile tips of the hyphs  agreed 
in every detail with those of Stilbum vdgare,  as described and 
figured by Juel. It was clearly evident that if the one was a 
Protobasidiomycete, the other must necessarily be one also 

Furthermore, this discovery revealed the somewhat unexpected 
fact that the conidial condition of an ascigerous fungus was 
itsell: a typical member of the Protobasidiomycetes. 

Tubercularirc volutella, Corda, is also a true Protohasidiomycete, 
having distinctly clavate, transversely septate basidia, each 
septum bearing a single spore (Pl. 16. fig. 16). 
As stated by Juel, I found that m a y  species of Stilbum and 

Tubercularia possessed basidia or spore-bearing hyphe differing 
in structure from those of Stilbum vulgare, and indicating at first 
sight the possibility of belonging to a distinct genus, as suggested 
by Juel. However, after having examined over one hundred 
species included in the two genera, it  was clearly seen that all 
the basidia conformed to a single tFpe of structure, the differences 
observable being entirely due to two minor modifications of the 
typical form : 1, the relative length of the two or three fertile 
cells of the basidium; 2, the relative expansion into a clavate 
form of the two or three fertile cells constituting the basidiurn. 

I n  Tuberetilaria vulgaris, Tode, the conidial condition of Nectria 
cinnabarina, Eries (Pl. 16. fig. 15), the spore-bearing structure 
s farthest removed from the typical form of a Protobasidiomy- 
cete basidium as illustrated by that of Stilbum vulgare; t h e  
fertile cells are much elongated, perfectly cylindrical, and not 
thicker than the supporting hypha. 

Intermediate between this primitive type and the true basidium- 
form as already stated to exist in-Tubercularia volutella, Corda, 
m q  be instanced the basidia of Tubercularia subpedicellata, 
Schweinitz, where the fertile cells are shortened as compared with 
those of T. cinnabarina, Tode, and collectively form a narrowly 
clavate body (Pl. 16. fig. 17). 

I n  Stilbum fasciculutum, Berk. & Broome, the conidial condi- 
tion of SpRQrostilbegracilipes, Tul. (PI. 15. fig. 13), the basidia are 
identical i u  structure with those of Hirneola Auricula-Jicdce, Berk., 
as figured by De Bary (8), and also with those of Auricularia 
eambucinu, Mart., described and figured by Brefeld (9). These 
prove conclusively that the cells composing the basidium may b e  
considerably elongated, and not a t  all clavate. 

(Pl. 15. figs. 10-12). 
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Isaria, Pera., a genus included in the Hyphomycetes, and 
containing about eighty species, is closely allied to Stilburn and 
Tubercularia, differing more especially in the component fascicle 
of hyphse not being cemented into a compact mass, but remaining 
loose and open, consequently the fertile head is spreading arid not 
globose (Pl. 16.fig. 18). About twenty-two of the so-called species 
of Isaria are known to form the conidial condition of species of 
the ascigerous genus Cordyceps, Fries, which for the most past 
are parasites on the bodies of various insects. The remaining 
species grow on wood and various decaying vegetable matter, 
dung, &c., and in all probability do not a t  the present day include 
any ascigerous phase in their cycle of development. 

Tsaria pulcherrima, Berk. & Broome, a beautiful species 
forming delicate feathery, erect tufts on hard wood, has basidia 
not at  all distinguishable from those of Xtilbzcm-vulgare (Pl. 16. 
fig. 19) ; and an examination of numerous species of Isaria diows 
exactlp the same sequence of structure of the basidia as that 
already described under Stilbunz and Tubercularia. 

Many striking examples of characteristic Protobasidiompcetes, 
allied to  one or other of the three genera mentioned above, 
are described aud beautifully figured by Moller in his excellent 
work on Brazilian Protobasidiomycetes (10) j among others may 
be meutioned Pilacrella delectans, Moller, which resembles in 
general aspect and morphological details Isaria pulcherrima, 
Berk. & Broome. 

It has already been stated that, even from the standpoint of 
the systematist, basing his conclusions on features presented by 
mature structures only, there is no valid difference between the 
genera Stilbuat and Tubercularia : many members of both genera 
are known to  represent the conidial condition of species of Nectria, 
whereas other members are almost certainly self-sustaining in 
every respect, having no other form of fruit included in their 
life-cycle. 

Isaria, again, is very closely allied to the two preceding genera, 
differing only in the less compact sporophore ; many species are 
proved conidial stages of ascigerous forms, as Cordyceps ; others, 
again, possesa no higher phase of reproduction. 

Finally, in all three genera we find exactly the same sequence 
of progression in the form and structure of the basidia, from 
what may be termed the conidiophore type, having elongated, 
unthickened spore-Froducing hyphal cells, to very short and 
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swollen fertile cells forming the characteristic basidium. This 
complete transition connechng the extreme poles-conidiophore 
and basidium-proves that Juel's suggestion to separate those 
species presenting the typical basidium from the remainder still 
having the conidiophore form of basidium, cannot be followed, 
and further proves that the suggestion resulted from an examina- 
tion of only a limited number of species. 

As a rule those species of Stilbum, &c., known to be the coni- 
dial form of ascigerous fungi have the most primitive basidia, that 
is basidia of the conidiophore type ; whereas the independent 
species more frequently have typical Protobasidiomycete basidia. 
To this rule, however, there are marked exceptions, as already 
shown in the case of the conidial condition of Xpherostilbe 
microspora, where the basidia are short-celled and clavate. 

The above discovery further indicates that the Protobasidio- 
mycetes as a group are derived from the conidial phase in the 
life-cycle of Itscigerous fungi ; the evolution is effected by the 
disappearance of the ascigerous form of reproduction, whereby 
the conidial stage assumes the standard of a species : this change 
being contemporaneous with the gradual conversion of the so- 
called conidiophore to the typical basidium or spore-bearing 
organ. 

The earlier realization of this fact was probably retarded to a 
certain extent by the Friesian conception of a Basidiomycete, 
which required above all things the presence' of B compact, con- 
tinuous hymenial surface. This idea held good until corrected 
by the researches of De Bary, Brefeld, aud Moller. 

As already stated, Brefeld supposes the Autobasidiomgcetes 
to be dewended from the Protobasidiompcetes through the dis- 
appearance of the transverse septa in the basidium,and the gradual 
concentration of the spores in a definite number at its apex. 

To those who can accept an unproved assumption, the basidium 
of l'ulostoma, a cylindrical organ without septa, and having three 
or four spores scattered at intervals throughout its length, looks 
very much like the basidium of a Protobasidiomycete in which 
the transverse septa have been arrested ; but unfortunately we 
pos8ess no evidence of the gradual disappearance of septa in the 
basidia of any known Protobasidiomycete, whereas, on the other 
hand, it can be demonstrated that the basidia of l'ulostoma agree 
iin all essentials Kith so-called conidiophores that pass directly 
into typical Autobasidiomycete basidia. 
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Moller, who has made a more extensive and thorough &udy of 
the Protobasidiomycetes than any other author, considers that 
the Protobasidiomycetes and Autobasidiomycetes are two inde- 
pendent groups having a different origin respectively, aud sums 
up his conviction in the following words :- 

“ Unter den bekannten Thatsachen spricht keiue dafiir, das eine 
Protobasidie sich durch Verlust der Theilwiinde nachtraglich zur 
Autobasidie umgestalten konne ” (11). 

On this point I am quite in agreement with Moller, and see in 
the instances given below what appears to be a more feasible 
explanation of the gradual evolution of the Autobavidiomycetes 
than the required arrest of the transverse septa of the basidia of 
the Protobasidiomycetes, and the gradual concentration of the 
spores at  the apex of the basidium. 

Boulanger has described (12) a new genus of fungi-Hatrou- 
chotia-which under the old dispensation would be placed in 
the Hyphomycetes, along with Stilbum, Isuriu, &c. The fungus 
Hatrouchotiu varians, Boulanger, is a much-branched Stilbum- 
like plant, showing every transition from inflated cylindrical 
conidiophores bearing from three to five spores scattered at  
intervals over the surface of the conidiophore-exactly as in 
Tulostonta-to the other extreme of presenting a, clavate basidium 
bearing four spores at  its apex-exactly as in true Autobasidio- 
mycetes. 

A second species belonging to the same genus, Natrouchotia 
complens, Miiller, a native of Brazil, has since been described by 
Moller (13). This specie3 corroborates Boulanger’a account in 
every piirticular. The conidiophores are cylindric-clavate, and 
bear from three to five spores placed at  different levels-again 
as in Tulostonaa; while others of the spore-bearing structures are 
clavate, and bear four spores at the apex. Now in these two 
instances we have a transition from a conidiophore or Fulostoma- 
like basidium to the form of basidium characteristic of the 
Autobasidiomycetes, without necesaitating the disappearance of 
transverse septa. 
In the genus Botrytis, containing about 120 species-again 

belonging t o  the Hyphomycetes-four divisions or subgenera 
are recognized, depending on the gradual change of the conidio- 
phores to what may be called the basidium type. The mGSt 

primitive section is represented by Eubotrytis, where the spores 
are borne singly at  the tips of slender pointed branchlets. 
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I n  Polyactis the spore-bearing branchlets are slightly thickened 
and obtuse, and bear several spores. I n  Phymatotrichwm the tips 
of the fertile branchlets are clavate and bear several spicules or in- 
cipient sterigmata, each giving origin to a spore. Finally, in tlie 
subgenus Ci-istularia the fertile tips are clavate and bear a t  the 
apex a variable number of slender elongated sterigmata, each sup- 
porting a spore (Pl. 16. fig. 21); differing only from a true Auto- 
basidiomycete in being considered a Hyphomycete, and in being 
undoubtedly allied to an assemblage of forms, some of which 
recede from the typical Autobasidiomycete structure in the 
basidia. 

Compare P1. 16. fig. 21 with fig. 20, which illustrates a fertile 
branch of Coniophora ochracea, Massee, a t y  pica1 Autobasidio- 
mgcete. Figures 20 and 21 are copied from sketches made 
several years ago. 

Isaria untbrina, Pers., the conidial stage of Hypoxylon coc- 
cineum, Bull. (Pl. 16. fig. 22), and Trichoderma viride, Pers., the 
conidial form of Hypocrea rufa, Fr. (PI. 16. fig. 23), further illuet- 
rate the conidial stage of ascigerous fungi having spore-bearing 
bodies closely resembling the basidia of the Autobasidiomycetes. 
The resemblance is so close in fact that had these strnctures been 
borne by an organism agreeing with our preconceived conception 
of what an Autobasidiomycete should be, based on the old 
traditional standard, their conformity with the ideal type would 
never have been questioned. 

SUMMARY. 

1. The conidial condition of certain ascigerous fungi bear 
their spores on structures morphologically indistinguishable from 
the basidia of the Protobasidiomycetes. 

2. Some members of the same form-genera as those de- 
scribed in paragraph 1, as Stilbunz vulgare, Tode, have lost the 
ascigerous condition from their life-cycle, and are accepted as 
true Protobavidiomycetes ; hence we are justiiied in concluding 
that the Protobasidiomycetes as a group originated from ancestors 
that represented the conidial condition of ascigerous fungi. 

3. There is no evidence in favour of the suggestion that the 
Autobasidiomycetes are descended from the Protobasidiomycetes: 
on the cjther hand, the evidence in favour of the Autobasidio- 
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mycetes having been derived by gradual modification of the 
spore-bearing organs, or basidia of conidial forms of certain 
ascigerous fungi, is not lacking, 

LITERATURE QUOTED. 

1. BREFELD, OscAR.--Unters. aus dem gesammt. der My- 
kologie : vii. Heft, Protobasidiomyceten (1888) ; viii. Heft, 
Autobasidiomyceteu (1889). 

2. TULASNE, L. R. & C.-“Notes upon the Tremellineous 
Fungi and their Analogues,” Journ. Linn. Soc. (Bot.) xiii. 
pp. 31-42 (1871). The figures intended for the illustration 
of this article were mislaid at  the moment of publication, 
but being afterwards found, the article was reproduced 
under the following title : “ Nouvelles notes sur les Fungi 
Tremellini et  leurs alliks, par MM. Tulasne,” Ann. Sci. 
Nat. (Bot.), skr. V. vol. xv. (1872) p. 215, pls. 9-12. 

3. TULASNE, R. L.-“ Note sup le Ptychogaster albus, Coes.” 
Ann. Sci. Nat. (Bot.), s6r. V. 1701. iv. p. 290 (1865). 

4. JUEL, H. 0.-“ Htilbum vulgare, Tode ; Ein bisher verkannter 
Basidiomycet.” Bihang till K. Svemka Vet.-Akad. Handl., 
Band 24, Afd. iii. no. 9, p. 1, 1 pl. (1898). 

5. TULASNE, L. R. & C.-Selecta Fuugorum Carpologia, iii. 
p. 99 (1865). 

6. TULASNE, L. R. & C., Op. cit. iii. pp. 65-106, tabs. 10-14 
(1865). 

7. HARTIG, R.-Unters. aus dem forstbot. Inst. Miinchen, i. 
pp. 88-128, Taf. 5-6 (1880). 

8. DE BARY, A.-Fungi, Mycetozoa, and Bacteria (Engl. ed.), 
p. 305, fig. 140 a-d (1887). 

9. BREFELD, O., Op. cit .  Heft vii. Taf. 4. figs. 3-9 (1888). 
10. MOLLER, ALFBED.-Protobasidiomyceten, 1895. This forme 

Heft viii. of Dr. A. W. F. Schimper’s ‘ Botanische Mittheil- 
ungen aus den Tropen.’ 

11. MOLLER, A., Op. ci t .  p. 51. 
12. BOULANQER, EM.-Rev. Gkn. de Bot., v. p. 401, ple. 12-14 

13. MOLLER, A., Op. cit. p. 150. 
(1893). 



448 ON THE OHIQIN OF THE BABIDIOMTCETES. 

EXPLANATION OF THE PLATES. 

PLATE 15. 
wg. 1. Stilbum uffilgarc, Tode. Group of plants. X 50. 

2, 3, 4. Tips of basidia of S. uulgare, showing progressive nuclear division, 

6 6 .  Basidia and spores of S. viclgare, x 2000 (after Juel). 
7. Group of ascigerous form of fruit. showing three stipitate conidia- 

bearing structures in various forms of development, of Nphmostilbe 
nzicruspora, Cooke & Massee, x 50 (from type specimen). 

X 2000 (after Jnel). 

8. Section of conidial form of fruit of 8. microspora. 
9. Section through stromatic base of S. microspora, showing origin of stem 

10, 11, & 12. Basidia and spores from the conidial form of fruit of 

13. Basidia and spores of conidial form (= Stilhum fusciculatunt, Berk. & 

X 200. 

of conidial form of fruit, a ; also ascigerous fruit, b h. 

S. microspora. x 2000. 

Broome) of Sphrerostilhe yrncilipeu, Tul. 

X 100. 

X 2000. 

PLATE 16. 

Fig. 14. Section througb the stroma of lVectria ciimabarina, Fries, showing the 
conidial stage of fructification, a a  (= Tubercularia vulyaris, Tode) ; 
and the ascigerous form of fruit, b, b. 

15. Basidia and spores of the conidial form of fruit of N. cinnabapima. 
x 2Ooo. 

16. Basiclia and spores of Tzcbcrcularia volffitella, Corda. 
17. Basidia and spores of Tuberczclaria szchpedicellata, Schweinitz. x 2OoO. 
18. Isaria pulcherrinaa, Berk. & Broome, x 30 (from type specirnen). 
19. Basidia and spores of I. pulclrrima. 
20. Basidia-bearing branch of Conwphora ochrmea, Massee, X 500 (after 

21. Fruiting branch of Botrytis tricephala, Saw. 
22. Fertile hypha from the conidial stage (= Isaru umhrino, Pers.) of 

Hypoxylon coecineum, Bull. x 2000. 
23. Oonidial condition (= Trichoderma viridc, Pers.) of Hypocrea rtlfa, Fr. 

x 2000. 

x 50. 

x 2000. 

X 2000. 

Massee). 
X 500. 
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